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Abstract 
With the global climate change, drought disasters occur frequently and caused huge economic loss. In this paper, a 
drought risk assessment model based on fuzzy Analytic Network Process (ANP) method is put forward. ANP is an 
extension of AHP method and can more reasonably reflect the interdependence between the same layers of evaluation 
index system. The index system of agricultural drought risk assessment is established. An application is demonstrated 
by Hunan Province agricultural drought in China from 2007 to 2009. The result shows that the method is effective for 
agricultural drought risk assessment. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Drought disaster is one of the most seriously natural disasters and become an important factor
affecting the safety of water resources. It has an important impact on the development of world instability 
and becomes bottleneck of the sustainable development of national economy. China is one of the 
countries where drought disasters occur particularly frequently. According to statistics, the tremendous 
drought has occurred 1056 times and severe drought occurred averagely every two years within the 2155 
years from 206 BC to 1949[1-2]. Among the five climatic disasters (drought, flood, typhoon, cold damage, 
heat wave) in the statistics from 1949 to 2005, the frequency of droughts is most frequently and about 
one-third of the total frequency of disasters[3]. Especially in the recent years, drought disasters 
continuously happen and cause serious impact to people’s production and life. For example, 2009-2010, 
in the southwest of China, the five regions(Yunnan, Guangxi, Guizhou, Sichuan and Chongqing) 
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happened serious droughts. Therefore, it is significant to reduce drought risk by drought risk assessment, 
and adopt effective disaster prevention measures. In recent studies, many researchers applied ANP to 
decision-making problems [4-7]. In this paper, a drought risk assessment model based on fuzzy analytic 
network process (ANP) method was put forward and applied to assessment Hunan Province agricultural 
drought in China. 
2. Fuzzy ANP method 
Analytic network process (ANP) was firstly brought out by Satty in 1996[8]. ANP not only can solve 
the AHP problem, but also can deal with interdependent relationships within a multi-criteria decision-
making model. With factors influenced each other, and dependent on each other in the network layer, 
important degree can use direct comparison or indirect comparison. The mainly step are as follows.  
Firstly, constructing pairwise matrices of the components with fuzzy judgments and determining the local 
priorities, consistency index from each matrix using the fuzzy prioritization method. Secondly, checking 
the consistency index and aggregate local priorities into group priorities using nonlinear programming 
approach as explained. Thirdly, filling the super matrix with the elicited group priorities to form 
unweighted super matrix, and obtain weighted super matrix by multiplying the unweighted super matrix 
by the corresponding cluster priorities, and then adjusting the resulting super matrix to column stochastic. 
Fourthly, limit the weighted super matrix by raising it to sufficiently large power so that it converges into 
a stable super matrix (all columns being identical) and normalize the scores of alternatives from the limit 
weighted super matrix into final priorities. Through the above steps, we can obtain relative to the general 
objective factors, and ultimately the list weight of each factor. As using ANP method to solve practical 
problems is complex, so we must use special calculation software. The Super Decisions software will be 
used to evaluate the risk in this paper. The mainly process of fuzzy ANP method as follows. 
(1) Dividing different grades and choosing a set. The set is evaluation result sets that are made by 
experts, namely: { }1 2v , ,..., iv v v= ( 1, 2 , 3 ...)i = , ( 1, 2 , 3 . . . )iv i = are all sorts of evaluation results. 
(2) Screening risk assessment factors for constituting a factor sets f, then, use the ANP method to 
determine weight. 
(3) Make single factor evaluation and establish fuzzy judgment matrix. Take Delphi method to 
establish fuzzy judgment matrix R . To evaluate the factors by Delphi method or random survey so as to 
access to a degree of comments ijr  that belong to 1,2, ,i n= " , then we can get fuzzy judgment matrix: 
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(4)Computing membership vector B
The membership vector B  can be computed by *B W R= .
3.  Case study 
The drought disaster risk of Hunan province in China is taken as an example in this paper. Hunan is a 
major agricultural province with a very special natural climatic and topographic condition. In recent years, 
Hunan province has the high frequency of drought and severe agricultural drought, and agricultural 
drought occurs almost every year[9]. According to Statistical Yearbook of Hunan Province, Water 
Resource Bulletin and relevant literature, there are mainly four factors affecting agricultural drought risk: 
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crop conditions, irrigation level, social and economic conditions, natural environmental conditions. These 
factors constitute the indicators of drought risk assessment and be presented in Table 1. 
Table 1.  Index data of drought disaster risk assessment in Hunan province 
Target layer Criterion  layer Index layer 2007 2008 2009 
Agricultural
drought risk 
Crop 
conditions
（f1）
Crop planting structure: f11 general well good 
Drought-resistant capabilities: f12 strong weak weak 
Irrigation level  
(f2)
Water resource development and utilization: f21 (%) 19.2 19.2 19.1 
Average water consumption of agricultural irrigation: 
f22 (108m3)
193.90 198.99 195.13
Total water storage at the end of the year: f23 (108m3) 194.9 225.2 177.4 
Social and 
economic 
conditions 
(f3)
Famers’ per capita income: f31 (Yuan) 3904 4512 4910 
Water consumption every ten thousand Yuan GDP: f32 (m3) 355 285 249 
Population density: f33 (People/km2） 321.33 323.19 325.79
Per capita GDP: f34 (Yuan) 14869 18147 20428
Natural
environmental 
conditions 
(f4)
Total storage of water resource: f41 (108m3) 1426.5 1599.9 1400.5
Amount of precipitation: f42 (108m3) 2716.7 2595 2654.5
Vegetation cover: f43 (%) 56.1 55.9 56.4 
3.1 Drought disaster risk assessment based on fuzzy ANP 
Satty and Adams developed super decisions software Superdecisionl.4.2 (SD) in 2003[10]. SD 
software can calculate super matrix, weighted super matrix, limit matrix, and finally get comprehensive 
final priorities. 
With the 9-point scale method applied to the comparison in the group factors, the model can constitute 
a judgment matrix. In this paper, the SD software own questionnaire type input. 
(1)Super matrix calculation 
The input importance comparisons can made of judgment matrix which should be normalized 
processed to get super matrix w . Although super matrix calculation is very complex, SD software can 
easily build super matrix w .
0 1 0 0 0 0 0 0 0 1   0 .75 0
1 0 0 1 0 0 0 0 0 0   0 .25 0
0   0 .2 0 0 0 0   0 .549810   0 .875 0 0 0 0
1   0 .8 1 0 0 0   0 .368059 0 0 1 0 0
0 0 0 0 0 0   0 .082131   0 .125 0 0 0 1
1 0 0 1 0 0 0   0 .750   0 .75 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0
0 0 1 0 0   0 .142882 0 0   0 .25 0 0 0
0 0 0 0 0   0 .857118 0   0 .
W =
250 0 1 0 0
0 0 0 0 0 0 0 0 0 0 0   0 .166667
1 1 0 0 0 0 0 0 0 0 0   0 .833333
0 0 0 0 0 0 0 0 0 1 1 0
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(2) Computing the weighted matrix M
The weighted matrix M can be computed by SD software, namely: 
0.329596 0.000000 0.000000 0.244298
0.324449 0.649132 0.750000 0.128744
=
0.058712 0.071927 0.250000 0.053339
0.287244 0.000000 0.000000 0.573619
M
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎝ ⎠
(3) Computing weighted super matrix calculation w
The weighted super matrix w  can obtain by weighted matrix M multiplying super matrix w , that is  
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  0   0.350154   0   0   0 0 0 0 0   0.244298   0.224013 0
  0.329596   0   0   0.795004   0 0 0 0 0 0   0.074671 0
  0   0.068937   0   0   0 0   0.54981   0.65625 0 0 0 0
  0.324449   0.275749   0.900249   0   0 0   0.368059 0 0   0.128744 0 0
w=
  0   0   0   0   0 0   0.082131   0.09375 0 0 0   0.183301
  0.058712   0   0   0.204996   0 0 0   0.1875   0.75 0 0 0
  0   0   0   0   1 0 0 0 0 0 0 0
  0   0   0.099751   0   0   0.142882 0 0   0.25 0 0 0
  0   0   0   0   0   0.857118 0   0.0625 0   0.053339 0 0
  0   0   0   0   0 0 0 0 0 0 0   0.136117
  0.287244   0.30516   0   0   0 0 0 0 0 0 0   0.680583
  0   0   0   0   0 0 0 0 0   0.573619   0.701317 0
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(4)The limit matrix w∞
  0.083506   0.083506   0.083506   0.083506   0.083506   0.083506   0.083506   0.083506  0.083506   0.083506   0.083506   0.083506
  0.14   0.14   0.14   0.14   0.14   0.14   0.14   0.14   0.14   0.14   0.14   0.14
  0.0
w
∞ =
57008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008   0.057008
  0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487   0.128487
  0.026147   0.026147   0.026147   0.026147   0.026147   0.026147   0.026147   0.026147  0.026147   0.026147   0.026147   0.026147
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  0.026147   0.026147   0.026147   0.026147   0.026147   0.026147   0.026147   0.026147  0.026147   0.026147   0.026147   0.026147
  0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257   0.050257
  0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523   0.108523
  0.014323   0.014323   0.014323   0.014323   0.014323   0.014323   0.014323   0.014323  0.014323   0.014323   0.014323   0.014323
  0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322   0.138322
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Then, the weight vector W can be obtained as follows. 
( )0.0682,0.0999,0.1063,0.1664,0.0299,0.1001,0.0833,0.0411,0.0811,0.0113,0.1061,0.1063W = .
3.2 Constructing fuzzy judgment matrix 
According to the requirements of the evaluation, divide different grades and establish the risk 
assessment for choose. V = {highest risk, higher risk, generally risk, lower risk, lowest risk}. Select fifty 
experts in the field to make the single factor evaluation for network layer factors in the form of 
questionnaire survey. Through the recovery, sorting, statistical investigation forms, which get fuzzy 
judgment matrix as follows. 
0 . 1 0 . 1 4 0 . 5 0 . 1 6 0 . 1
0 . 2 0 . 3 0 . 1 4 0 . 2 4 0 . 1 2
0 . 2 0 . 2 0 . 2 6 0 . 2 0 . 1 4
0 . 3 0 . 3 0 . 0 8 0 . 1 8 0 . 1 4
0 . 1 6 0 . 2 4 0 . 2 0 . 3 0 . 1
0 . 1 2 0 . 1 4 0 . 2 6 0 . 2 0 . 2 8
0 . 2 4 0 . 2 6 0 . 2 0 . 1 0 . 2
0 . 1 8 0 . 2 2 0 . 2 0 . 3 0 . 1
0 . 0 8 0 . 1 0 . 3 2 0 . 3 0 . 2
0 . 1 6 0 . 2 0 . 2 4 0 . 2 0 . 2
0 . 4 0 . 2 0 . 1 6 0 . 1 4 0 . 1
0 . 2 0 . 2 0
R =
. 3 0 . 2 4 0 . 0 6
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠
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3.3 Comprehensive evaluation 
Comprehensive evaluation synthesizes operator selection, M (⊕), namely, the weighted average type 
operator, which is applicable to both consider integral factors of comprehensive evaluation. The 
calculation process and the results are showed as follows: 
0 .0 6 8 2 0 .1 0 .1 4 0 .5 0 .1 6 0 .1
0 .0 9 9 9 0 .2 0 .3 0 .1 4 0 .2 4 0 .1 2
0 .1 0 6 3 0 .2 0 .2 0 .2 6 0 .2 0 .1 4
0 .1 6 6 4 0 .3 0 .3 0 .0 8 0 .1 8 0 .1 4
0 .0 2 9 9 0 .1 6 0 .2 4 0 .2 0
0 .1 0 0 1
* *
0 .0 8 3 3
0 .0 4 1 1
0 .0 8 1 1
0 .0 1 1 3
0 .1 0 6 1
0 .1 0 6 3
T
B W R
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟= = ⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠
.3 0 .1
0 .1 2 0 .1 4 0 .2 6 0 .2 0 .2 8
(0 .2 1 4 1 ,0 .2 1 5 4 ,0 .2 2 3 4 ,0 .2 0 2 7 ,0 .1 4 4 2
0 .2 4 0 .2 6 0 .2 0 .1 0 .2
0 .1 8 0 .2 2 0 .2 0 .3 0 .1
0 .0 8 0 .1 0 .3 2 0 .3 0 .2
0 .1 6 0 .2 0 .2 4 0 .2 0 .2
0 .4 0 .2 0 .1 6 0 .1 4 0 .1
0 .2 0 .2 0 .3 0 .2 4 0 .0 6
⎛ ⎞
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟ =⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟⎜ ⎟⎝ ⎠
)
According to the maximum membership principle, in (0.2141,0.2154,0.2234,0.2027,0.1442)B = ， the
maximum is 0.2234, which shows the drought disaster risk is generally. According to the given data in 
Table 1, we calculated the basic situation drought disaster in Hunan province from 2007 to 2009. The risk 
is higher in 2007, 2008 is generally, 2009 is higher. Generally speaking, the three years risk trends of 
drought disaster in Hunan province are approximately similar, and there is a growth trend year by year. 
Therefore, it is essential to prepare for fighting for drought. 
3.4 Results analysis    
By the weight of the various risk factors, we can conclude that several biggest risk factors are 
respectively average water use of agricultural irrigation, vegetation cover, water resource utilization, 
rainfall and farmers’ per capita income. Those with smaller weight and less impact are total water 
resource, population density and so on. According to the principle of maximum membership degree, the 
average water use of agricultural irrigation weights the most, indicating that the average water use of 
agricultural irrigation has the greatest impact on drought risk. Meanwhile, vegetation cover, water 
utilization, water precipitation, etc, also impact drought disaster risk greatly. The risk of agricultural 
drought in Hunan Province is influenced by both natural and social factors, which is the combined effect 
of nature and society. Based on the above results, we should take certain measures, allocate and use water 
resource rationally, promote water-saving irrigation comprehensively, enhance community-based 
management of drought-prevention work. The country should increase efforts to support agriculture to 
increase farmer’s income, giving them a certain resistance to the risk of drought. This can reduce the 
influence of drought disasters on the production and lives of urban and rural residents, social and 
economic development and ecological environment, to ensure social stability and orderly development.    
4．Conclusion 
In this paper, the drought disaster risk evaluation index is put forward. The network layer indicators 
are influenced each other, interdependence, constitute the drought disaster risk evaluation of the main 
index. The indexes weights of drought disaster are computed by the ANP method. This will be helpful to 
take effective measures, disaster prevention and mitigation. The case study of Hunan Province 
agricultural drought in China shows that the method is an effective evaluation method for agricultural 
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drought risk assessment and can be used in other regions. However, agricultural drought risk factors 
influence is complex and the influence degree is uncertainty, so quantitative evaluation index system is 
vital to further research in future. 
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